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ABSTRACT
Water environments are greatly valued in urban areas as ecological and aesthetic assets. However, it is the water
environment that is most adversely affected by urbanisation. Urban land use coupled with anthropogenic activities
alters the stream flow regime and degrade water quality with urban stormwater being a significant source of
pollutants. Unfortunately, urban water pollution is difficult to evaluate in terms of conventional monetary
measures. True costs extend beyond immediate human or the physical boundaries of the urban area and affect the
function of surrounding ecosystems. Current approaches for handling stormwater pollution and water quality
issues in urban landscapes are limited as these are primarily focused on ‘end-of-pipe’ solutions. The approaches
are commonly based either on, insufficient design knowledge, faulty value judgements or inadequate
consideration of full life cycle costs. It is in this context that the adoption of a triple bottom line approach is
advocated to safeguard urban water quality. The problem of degradation of urban water environments can only be
remedied through innovative planning, water sensitive engineering design and the foresight to implement
sustainable practices. Sustainable urban landscapes must be designed to match the triple bottom line needs of the
community, starting with ecosystem services first such as the water cycle, then addressing the social and
immediate ecosystem health needs, and finally the economic performance of the catchment. This calls for a
cultural change towards urban water resources rather than the current piecemeal and single issue focus approach.
This paper discusses the challenges in safeguarding urban water environments and the limitations of current
approaches. It then explores the opportunities offered by integrating innovative planning practices with water
engineering concepts into a single cohesive framework to protect valuable urban ecosystem assets. Finally, a
series of recommendations are proposed for protecting urban water resources within the context of a triple
bottom line approach.
INTRODUCTION
Water is an unusual commodity: it is scarce, fragile and absolutely vital to life and development, yet so poorly
understood and appreciated. Climate change and its consequent impacts on water resources have come as
almost an ambush; together with significant population growth, patterns of urbanisation and consumption, the
natural hydrological cycle has been altered and reliable water supply has become more and more difficult to
obtain (Lee et al. 2010). There are several vital challenges to secure water provision and one of the most
important is to provide a reliable water source for a rapidly expanding population and economy (QWC, 2007).
Beyond this, as Asakawa et al. (2004) have noted, as population densities increase in our cities, water
environments play an ever more significant role as aesthetic and recreational resources. The need for ‘islands
of tranquillity’ such as a waterway within the congested and busy urban environment has been clearly noted in
research literature (Gobster et al. 2004). However, the needs of urban communities are not solely restricted to
water quality outcomes. Urban water environments also play an important role as wildlife habitats. For
example, Davies (1983) found that about 60% of native wildlife in Queensland State, Australia is present within
its urban waterway corridors. Consequently, water environments in urban areas are important community and
environmental assets and central to sustainable urban development. Therefore, it is imperative that innovative
strategies are adopted to ensure that such key assets of a region are protected.
Unfortunately, similar to most parts of the world, water environments in Australia are also under increasing
threat due to the rapid spread of urbanisation (SOE 2001). Any type of activity in a catchment such as
urbanisation that modifies the existing land use will explicitly result in quantity (i.e. flood) and quality (i.e.
pollutant) changes to the characteristics of stormwater runoff. These changes are the result of the removal of
vegetation and the replacement of previously pervious areas (i.e. open spaces) with impervious surfaces such
as roads, roofs and driveways. This in turn leads to increased stormwater runoff. The consequential quantity
related impacts include more rapid rises in flood levels, increased flood peaks and flood volumes, stream bank
and bed erosion, siltation and destruction of riparian vegetation and aquatic habitats.
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2In relation to quality, adverse impacts arise due to the introduction of pollutants of physical, chemical and
biological origin resulting from anthropogenic activities common to the urban environment. Roads, housing,
commerce and industry not only lead to irrevocable changes to the urban landscape, but are also responsible
for introducing numerous pollutants to the environment.
The major problems in urban areas are the pollution of the atmosphere, soil and water. As an example, Lind
and Karro (1995) found that heavy metal concentrations in the topsoil layers of urban roadside areas in Sweden
to be 2 to 8 times higher when compared to rural areas. Atmospheric pollutants return to ground through wet
and dry deposition and are available for wash-off during rainfall. Similarly, soil pollutants can be subjected to
erosion and wash-off with stormwater runoff. The deterioration of water quality, degradation of stream
habitats and decrease in ecosystem health are among the most tangible of the resulting detrimental water
quality impacts of urbanisation, and result in a water body that is fundamentally changed from its natural state
(House et al. 1993).
SOURCES AND CONSEQUENCES OF WATER POLLUTION
As Sartor and Boyd (1972) have identified, urban stormwater runoff constitutes the primary transport
mechanism that introduces non-point source pollutants to receiving waters. As stormwater flows over the
drained surface, pollutants will be incorporated through various physical and chemical processes (Egodawatta
et al. 2009; Egodawatta & Goonetilleke 2008). The source from which the stormwater runoff is generated is
one of the most important factors which will influence its pollutant composition. The sources of water
pollution have been widely discussed in research literature. The primary pollutant sources in an urban
catchment include street surfaces, industrial processes, construction and demolition activities, litter, spills and
erosion (Pitt et al. 1995).
Urban stormwater runoff has been recognised as the major transport source for a wide variety of pollutants to
water bodies. Recent years have witnessed significant advances in the control of point sources of pollution such
as sewage outfalls. Consequently, non-point sources such as stormwater runoff are gaining increasing
importance. The pollutant impact associated with stormwater runoff in terms of concentration and total load
can be significantly higher than secondary treated domestic sewage effluent (Wanielista et al. 1977). This
applies not only to the physical and chemical quality, but also to the microbiological quality of urban
stormwater (Wahl et al. 1997).
As Ahyerre et al. (1998) have noted, the generation and transport of pollutants in urban systems during a storm
event is very complex as it concerns many media, many space and time scales. Changes to the hydrodynamic
characteristics of the catchment due to urbanisation increases average water flow velocities and hence stream
power. This in turn mobilises and transports greater concentrations of pollutants from surfaces.
During a rainfall event, the impacts of high flows and intermittent discharges of pollutants on receiving water
bodies are superimposed on the hydrologic, physico-chemical and biological characteristics of an urban
catchment. Urban stormwater runoff will produce both, short-term and long-term changes in receiving waters
leading to habitat instability and chemical toxicity. This in turn will result in changes to aquatic communities
such as increased mortality of biota and detrimental changes to species diversity and abundance (House et al.
1993; Lopes et al. 1995; Wahl et al. 1997). Consequently, the combination of changes to the physical habitat
and altered water quality is the major impact of urban stormwater runoff (Collier et al. 1998; House et al.
1993; Warren et al. 2003).
THE CURRENT STRATEGY FOR POLLUTANT MITIGATION
The sources and causes of urban stormwater pollution are widely known and are related more to human
activities within the catchment than just to the expansion of the urban landscape itself. However, pollution
control constitutes an intractable challenge. It is the non point-sources which are the most damaging, the least
visible and the most difficult to control.
Current approaches to stormwater pollution control centre around conventional concepts of volume and peak
flow reduction and primary forms of treatment and reuse. These principles are commonly applied in the form
of structural measures and referred to as Water Sensitive Urban Design (WSUD) in Australia, Low Impact
Development (LID) in the US or Sustainable Drainage Systems (SUD) in the UK.
Commonly, these structural measures collect, convey, and detain or retain stormwater and thereby improve
water quality. They are designed and constructed to treat stormwater runoff by removing pollutants and
protecting and enhancing the environmental, social and economic values of receiving waterways. The selection
3of appropriate treatment measures depends on site conditions, target pollutants, hydrologic characteristics of
the catchment and rainfall characteristics experienced in the region. Figures 1 to 3 below provide images of
typical treatment measures noted above.
Figure 1 Typical stormwater detention basin
Figure 2 Stormwater treatment wetland
4Figure 3 Grass swale
THE LIMITATIONS IN CURRENT STRATEGIES
The concepts in themselves as described above are admirable. However, their application and performance
under real world conditions is open to criticism. Table 1 provides a brief evaluation of these common structural
measures.
Table 1. Issues associated with conventional approaches to stormwater management
Treatment device Primary function/s Issues
Retention, detention
basins
Volume and peak
flow reduction
1. Can only afford to detain relatively small volumes
2. Sediment build-up and weed infestation entail regular
maintenance
3. During dry periods collected water can become
anaerobic, breed pests becoming a health hazard and
pollutant generator
Wetlands Quality improvement
1. Can only afford to treat relatively small volumes
2. Efficiency in quality improvement not completely proven,
particularly removal of very fine sediments, dissolved
nutrients
3. Adequate design guidelines for stormwater treatment not
available and dependency on wastewater treatment
guidelines
Gross pollutant and
sediment traps, Vortex
devices
Quality improvement
1. Can only afford to treat relatively small volumes
2. Do not have the capability to remove very fine sediments
3. During dry periods collected water can become
anaerobic, breed pests becoming a health hazard and
pollutant generator
4 M i t t b hi h
Grass swales Quality improvement
1. Can be effective in removal of particulate sediments but
not necessarily fine sediment
2. Adequate design guidelines are not available
3. Most paved surfaces such as streets do not have space
for their installation
As outlined above, commonly adopted measures are based either on, insufficient design knowledge, faulty
value judgements or inadequate consideration of life cycle costs. The various structural measures are costly,
largely ineffective when dealing with large flows or in dealing with the ‘real world’ problems and even being
counter-productive. Implementation of structural measures is also often interpreted as being ‘seen to be doing
something’ in response to community pressure. Use of gross pollutant traps for litter removal is a prime
example. Litter, though conspicuous is not a major source of water pollution and its major impact is visual
aesthetics. Unfortunately, due to its high visibility, it attracts the most publicity and the maintenance effort
rather than the more environmentally harmful pollutants. Similarly, street sweeping is purely for cosmetic
purposes. The standard street sweeper cannot remove the fine particulates on the road surface that contribute
significantly to water pollution.
5Modelling is one way where improved design outcomes may be developed. However, based on the current state
of knowledge, stormwater pollution does not fit into neat mathematical models which engineers and scientists
can use for predictive purposes. Predictive errors of over 100% are common in the use of various models. This is
due to the difficulty in mathematical formulation of key anthropogenic activities and the questionable
mathematical formulation of key concepts. The quantification of relationships that support quantitative models
of urban systems is fundamental to the performance of many current models and is crucial for developing
improved designs that will work in concert with surrounding natural and constructed systems.
Unfortunately, significant knowledge gaps currently exist in this area. Though it is an active area of research, it
is unlikely that an in-depth knowledge base will be available to support robust engineering design in the
immediate future. Consequently, the dependency on poorly validated scientific concepts, inadequate design
guidelines and the dearth of exemplars of properly functioning stormwater quality treatment systems tends to
perpetuate a legacy of poor treatment design.
THE WAY FORWARD
Therefore, it is no surprise that more and more frequently, the life-cycle costs of poorly designed urban and
industrial systems are found to be extremely high in financial, social and ecological terms. These costs are
often slow to impact and cumulative such as increased levels of heavy metals in fish and crustaceans. Without
scientific quantification and understanding of system dynamics, the effects of quantity and quality changes in
stormwater flows may be the ‘sleeper’ that awakes. When it awakes it will be far from benign. The effect of
global warming provides an example of such a cumulative, but largely ignored impact.
Calculation of life-cycle costs and forms of environmental accounting is a developing area of research. There is
no consensus on an appropriate method for reconciling all the benefits and costs to a single unitary measure.
True costs to a community for water quality degradation extend beyond immediate human or the physical
boundaries of the urban area and can affect the functioning of surrounding ecosystems from which the
community may derive income, such as tourism, fishing, water sports or agricultural production.
Until consensus can be reached on a methodology to integrate the different value systems associated with
ecological, social and economic systems, a triple bottom line (TBL) is ignored by default. Elkington (1980)
coined the introduction of TBL and definition of the term as follows:
TBL focuses corporations not just on the economic value they add, but also on the environmental and social
value they add – and destroy. At its narrowest, the term ‘triple bottom line’ is used as a framework for
measuring and reporting the performance against economic, social and environmental parameters (Elkington,
1980; 1998; Suggett et al., 2002; Suggett and Goodsir 2002; Vanclay 2003).
TBL audit concept initially involved placing dollar values on identifiable impacts of business activity, such as
the cost to society of water or air pollution or the cost of an enterprise development to neighbouring property
values. According to Rogers and Ryan (2001: 283) “…these costs and benefits would be included in the financial
accounting of a profit margin—or financial bottom line. However, the concept has moved to a more rigorous
evaluation of social and environmental performance, producing a matrix of interlocking bottom lines—or,
rather, interlocking scenarios on which decisions can be made. The [ultimate] aim is to maximise performance
across all areas of activity”. 
TBL is far from perfect and appears to place equal emphasis on each area. However, it has long been shown
that the economy is contained within our society and in turn society is contained within the ecosystem. Hence
to move towards sustainable urban forms, the ecosystem functions need to be addressed first followed by
social and then economic needs.
After ordering the TBL, the divergence from the known sustainable performance of the system, in this case the
pre-settlement hydrology should be modelled, and used as a benchmark. In turn, key social and financial
parameters should be considered in order to provide an objective view of progress and ‘costs’ on a TBL.
Land would continue to be developed to meet fundamental human needs. However, it is important that the
effective allocation and utilisation of land resources should not only meet human needs, but is also kept within
the carrying capacity of the land and by implication, its water resources. This is due to the dynamic
interactions between land and water systems. Therefore, sustainable development can be defined as; where
controlled growth is permissible without reducing the resilience of the ecosystem. Hence, in the context of
sustainable urban land and water resource planning and management, the recognition of the impacts of
urbanisation on the water environment is among the most crucial. The sustainable management of water
requires integration and recognising the interconnections between ecosystem needs and the dynamic nature of
interactions in a complex environment. Consequently, a holistic approach is needed to quantify the impact of
urban development on the water environment. The problem of urban water pollution can only be remedied
through innovative planning and the courage to implement sustainable practices.
6The following recommendations are proposed for protecting urban water resources within the context of
sustainable development and TBL approach:
• There has to be a strong nexus between research and practice as our current state of knowledge in
relation to urban water quality and pollutant processes are very limited. Therefore, it is essential that the
most recent scientific knowledge is incorporated into urban system design and in the development of
water quality mitigation strategies.
• Technology should not be seen as the primary or the only solution. Technology should only play a
supporting role to strengthen innovative planning and design of urban systems. Secondly, technology
applications should be underpinned by strong scientific understanding of their performance and inherent
limitations together with an in-depth understanding of lifecycle costs whilst taking into consideration the
environmental costs.
• Achieving sustainability relies on human managed systems, such as urban systems, mimicking natural
systems. Therefore, this requires the development of an in-depth understanding of the natural systems and
thereby the incorporation of this knowledge into urban planning and design strategies.
• Urban planning and design should take into consideration in equal measure the economic rate of return on
investment, the value of ecosystem services of the area and the intrinsic value of the water resources to
the community. This approach requires the creation of innovative approaches for assessing the true
benefits and costs of urban development.
• Regulatory processes governing urban development should incorporate mandatory requirements for triple
bottom line accounting and reporting in relation to urban developments.
CONCLUSIONS
Water is an essential source to life. In recognising that we need water to live, it is also important to
understand that safeguarding urban water quality play a critical role in enabling a sustainable urban
environment. The concept of sustainability and its applicability to urban settings, including urban water
management, have been among the most discussed issues in the literature. However, so far current approaches
for handling stormwater and water quality issues in urban landscapes are focused on ‘end-of-pipe’ solutions.
Sustainable urban landscapes must be designed to match the triple bottom line needs of the community
starting with ecosystem services first such as the water cycle, then addressing the social and immediate health
needs, and finally the economic performance of the catchment.
As Lacey and Heywood (2010) put forward, successful water management has multiple facets which include
planning, designing, constructing, operating and maintaining the infrastructure associated with water supply.
Particularly with the changing climate and rising urbanisation problems, urban and environmental planners
have become forefront actors in working towards maintaining urban water quality. As rapid urbanisation and
growing population of cities are considered, to work in close collaboration with the engineering profession to
address the implications of changing lifestyles on water resources and how these are remedied, along with the
climate change, could be considered as the most pressing subject of the urban and environmental planning
professions. The complex nature of cities and politics around them strongly force urban and environmental
planners to analyse contemporary water resource and management problems of their cities more carefully.
This also pushes them to produce more effective policy recommendations and programs. In this instance, the
widely accepted concept of ‘triple bottom line sustainability approach’ comes into play.
According to Christen et al. (2006) the triple bottom line provides both a model for understanding sustainability
and a system of performance measurement, accounting, auditing and reporting. This sets the scope of triple
bottom line reporting as part of a broader framework of change management for integrating sustainability into
urban water management decisions. The triple bottom line provides a dual function as a model for
management planning and a framework for reporting sustainability levels (or urban water quality) in the
context of widely accepted approaches to sustainability within a society. Today there is a growing interest in
many parts of the world across the triple bottom line of economic, environmental and social disciplines
towards an ethical and accountable approach to sustainability in general and the water environment in
particular.
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